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@) Digital demodulator system.

@ An analog baseband signal (32) modulates 2
reference frequency carrier signal (38) to provide a
double sideband, suppressed-carrier DSB-SC signal.
The DSC-SC signal is converted in a voltage-to-
frequency converter (54) to a series of pulses, the
repetition rate of which is proportional to the level of
the DSB-SC signal. The output signal of the voltage-
to-frequency converter is demodulated to produce a
digitally formattéd version (62) of the baseband sig-
nal.
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DIGITAL DEMODULATOR SYSTEM

This invention relates to a digital demodulator
system, and more particularly to such a system for
converting a low-frequency input baseband signal
to a digital format.

In certain applications signals are produced
which may vary over a range of a million to one,
requiring signal resolutions of one part per million.
For example, certain inertial navigation systems
require such accuracy. For achieving a dynamic
range of a million to one, a conventional parallel
analog-to-digital circuit requiring 20 bits per sample
would be extremely difficult to fabricate and keep
in calibration with ageing of components and over a
range of temperatures. For these applications, a
voltage-to-frequency converter is normally used
which generates an output signal having a fre-
quency proportional to the voltage level of an input
baseband signal. By counting the frequency of the
signal produced by the voltage-to-frequency con-
verter over a finite time interval, a quantity repre-
senting the integral of the input baseband signal
can be computed. The input baseband signals to
be measured in such systems have a frequency
range which extends down to dc. Shifts in dc level
in the circuits of a system are caused, for example,
by temperature changes or by external radiation.
Consequently, any shifts in the dc level within any
circuit handling a baseband signal limits the volt-
age accuracy of a system.

According to this invention there is provided a
digital demodulator system for digitally demodulat-
ing an input signal, comprising voltage-to-frequen-
¢y converter means for encoding the voltage levels
of said input signal as the fequency of the output
signal of said voltage-to-frequency converter
means; and means for demodulating the output
signal of said voltage-to-frequency converter
means to obtain a digitally formatted version of the
in-phase component of said input signal.

The invention provides a system for represent-
ing an input baseband signal which has a large
dynamic range.

The invention also provides a system for repre-
senting an input baseband signal, which is immune
to shifts in dec levels within the system.

The input baseband signal can be a low-fre-
quency analog signal.

The system of the invention is operable to
demodulate both in-phase and quadrature compo-
nents of the input baseband signal.

The voltage-to-frequency converter can encode
the DSB-SC signal in two formats. One is a
"unipolar” format in which the frequency of the
output signal is proportional to the voltage level of
the DSC-SC signal, perhaps with some other fre-
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guency. The other is a "bipolar" format in which
the DSB-SC signal is encoded as two component
signals. The two-component signals include a fre-
quency component signal which is proportional to
the absolute value of the difference between the
DSB-SC signal and a reference voltage level. The
two component signals also include an up/down
component which digitally represents whether
whether the DSB-SC signal is greater than or less
than the reference voltage level.

To synchronously demodulate the unipolar-for-
matted output signal of the voltage-to-frequency
converter, the signal can be fed to an up/down
counter having an up/down direction control termi-
nal to which is fed the reference carrier signal of
the DSB-SC signal. This synchronouosly detects
the in-phase baseband signal and provides a digital
word representing the integral of the baseband
signal. The counter integrates, and reversal of the
up/down count in synchronism with the reference
carrier synchronously demodulates, the DSB-SC
signal.

To synchronously demodulate a bipolar-for-
matted output signal of the voltage-to-frequency
converter, the up/down component signal can be
EXCLUSIVE-ORed with the reference carried to
obtain an in-phase sign bit signal. This is optionaily
integrated in an up/down counter by counting the
frequency component up or down as indicated by
the sign bit signal.

A notch filter for rejecting an undesired input
signal can be provided by processing the undesir-
ed signal through the voltage-to-frequency con-
verter to create a frequency-encoded representa-
tion of the undesired signal. That signal is then
processed and selectively fed back through a feed-
back path fo a summing junction preceding the
voltage-to-frequency converter for cancellation of
the undesired input signal. The feedback path in-
cludes circuits for converting the frequency-for-
matted undesired signal back to the same format
as the desired input signal. The conversion circuits
includes a demodulator and selective filier for se-
lectively converting the frequency-formatted signal
to a digitally-formatted signal as described in con-
nection with the demodulator described above. The
demodulation and selective filtering can be accom-
panied using an up/down counter as described
above.

The invention will now be described by way of
example with reference to the drawings, in which:

FIGURE 1 shows a prior art system for am-
plifying a DSB-SC signal modulated by a very low

" frequency baseband signal;

FIGURE 2 shows a system according to the
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invention for digitally demodulating an in-phase
component of a baseband signal from a frequency
encoded version of DSB-SC signal to provide a
digitally formatted version of the integral of the in-
phase component of the baseband signal;

FIGURE 3 shows waveform drawings repre-
senting the up/down counter output count which
changes direction under the control of a square-
wave reference-frequency signals in the system of
FIGURE 2;

FIGURE 4 shows a system as shown in
FIGURE 2 for digitally demodulating the quadrature
component of a bassband signal from a frequency-
encoded version of DSB-SC signal to provide a
digitally formatted version of the integral of the
quadrature component of the baseband signal;

FIGURE 5 shows a system according to the
invention for providing a frequency-encoded signal
which is represented by a frequency component
and a sign bit component;

FIGURE 6 shows a system according to the
invention for obtaining a frequency encoded digital
representation of both the in-phase and quadrature
components of a baseband signal;

FIGURE 7 shows a system according to the
invention, which digitally demodulates a baseband
signal and which also provides a notch filter for an
undesired input signal;

FIGURE 8A shows a system for generating a
DSB-SC signal from an input digital baseband sig-
nal; and

FIGURE 8B shows a DSB-SC baseband sig-
nal waveform produced by the sytem of FIGURE
8A. '

Referring now to the drawings, FIG. 1 shows a
prior art system 10 for processing a low-level
baseband signal connected to an input terminal 12
of a double sideband, suppressed-carrier DSB-SC
modulator 14. The baseband signal has a frequen-
cy range of, for example, dc to several hundred
Hertz. The modulator 14 is, for example, a bal-
anced modulator which multiplies the baseband
signal by a reference carrier signal from a refer-
ence carrier frequency source 16 to produce a low-
level DSB-SC output signal at its output terminal.
The DSB-SC signal is processed by being am-
plified and filtered, as required, in an amplifier 18,
which is a bandpass amplifier having the reference-
carrier frequency as its centre frequency. The am-
plified DSB-SC signal is then converted back down
to baseband by being synchronously detected in a
demodulator 20 with a reference frequency signal
from the source 16. The demodulator baseband
output signal is then direct-coupled to an analog-to-
digital converter, such as a voltage-to-frequency
converter 22. Voltage-to-frequency converters are
often used where high precision measurements are
required. The output frequency of the voitage-to-
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frequency converter 22 is proportional to the volt-
age level of the baseband signal. Because the
baseband signal ranges from dc to several hundred
Hertz, it is required to be a dc-coupled to the
voltage-to-frequency converter, which is suscept-
ible to dc-voltage level drifts caused by aging,
temperature, and irradiation by high energy. For
applications requiring accuracies on the order of
parts in one million, a system using dc coupling
requires compensation and periodic calibration and
such a system would be unusable after being irra-
diated with high energy.

FIG. 2 shows a system 30 according to the
invention which avoids demodulating the DSB-SC
signal prior to conversion to a digital format. A
baseband signal is connected to an input terminal
32 of a double-sideband, suppressed-carrier DSB-
SC modulator 34. The baseband signal may typi-
cally be an analog signal having a frequency range
of, for example, dc to several hundred Hertz and
may require an accuracy of better than a few parts
per million. The modulator 34 is, for example, a
balanced modulator which linearly multiplies the
baseband signal by a reference-carrier signal pro-
vided on signal line 36 from a reference-carrier
frequency source 38. This produces a low-level
DSB-SC output signal on the signal line 40 con-
nected to the output terminal of the modulator 34.
Alternatively, in some applications a DSB-SC signal
similar to that on signal line 40 and a reference-
carrier signal similar to that provided on signal line
36 are derived in an external circuit and provided
as input signals to the system. The DSB-SC signal
on line 40 is amplified in an amplifier 42 and then
coupled on a signal line 44 to a linear feedback-
amplifier subsystem 46. The amplifier sub-system
46 includes a summer 48 which has signal line 44
coupled to the positive input terminal thereof. The
summer output is coupled fo the input of a dy-
namic shaping network amplifier 50 which amplifies
and filters the DSB-SC signal. The output of the
network is then fed back on a feedback signal line
52 to the negative input terminal of the summer 48
to cancel any distortion introduced by the shaping
network amplifier 50. The feedback insures that the
amplification and filtering are linear processes.

The amplified DSB-SC signal at the output of
the amplifier 50 is not converted back down to the
baseband analog domain. THe DSB-SC signal is

- AC coupled to the input of a voltage-to-frequency

converter 54, which provides an output signal com-
prising, for example, a series of digital pulses hav-
ing a repetition rate, or frequency, which is pr'opor-
tional to the voltage level of the DSB-SC signal.
Because the voltage-to-frequency converter is AC
coupled, its input circuitry is not susceptible to dc-
voltage level drifts caused by aging, temperature,
and irradiation by high energy. AC coupling is well
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suited for applications requiring accuracies better
than a few parts in one million.

The output signal pulses of the voltage-to-fre-
quency converter 54 are applied to the input signal
terminal 56 of an up/down frequency counier 58.
The counter functions as a digital accumulator, or
integrator, of the signal pulses from the voltage-to-
frequency converter. Since the various frequencies
represent the various voltage levels of the DSB-SC
signal, the output pulse stream of the V/F converter
54 represents the DSB-SC signal encoded in a
"frequency” format, and the output reading of the
counter 58 represents the integral of the DSB-SC
signal as a digital or binary number.

A reference-frequency signal from the source
38 is applied to the up/down control terminal 60 of
the counter 58 to change the direction of the count
depending on the polarity of the reference-frequen-
cy signal. For an up-count, the input frequency is
added to the counter output total; and for a down-
count, the input frequency is subtracted from the
counter output total. If the reference- frequency
signal applied to the up/down controf terminal is a
square wave with a 50% duty cycle, the reference
frequency signal, in effect, alternately multiplies the
counter output reading by plus one and by minus
one. Multiplication of a DSB-SC signal in this man-
ner by its carrier signal, i.e., the reference-fre-
quency signal, synchronously demodulates the
DSB-SC signal to produce the originally encoded
baseband signal. Consequently, the output of the
up/down counter 58 on data lines 62 is a digital
word representing the integral of the baseband
" signal to an accuracy of one part in a million.

Typical numerical values for a system are: a
baseband signal having a frequency range of dc to
a few hundred Hz, a reference-frequency signal of
10 kHz., and a voltage-to-frequency full-scaie range
of zero to 10MHz. For these exemplary values, it
should be appreciated that a DSB-SC output signal
frequency ranges over 10kHz plus or minus a few
hundred Hz. and. that the corresponding output
pulses from a voliage-to-frequency converter have
a frequency range of zero to 10 Mhz.

FIG. 3 shows the output count of the up/down
counter 58 as a function of time with a square-wave
reference-frequency signal applied to the up/down
control terminal 60 of the up/down counter 58.
Assume that the voltage-to-frequency converter
provides output signal pulses at a 5.MHz. rate
when no DSB-SC signal is present at the input of
the voltage-to-frequency converter 54. The solid
line "a" represents the counter output for this no-
signal condition. During the ADD portion of the
reference-frequency signal, counis are added to
the counter total, while during the SUBTRACT por-
tion of the reference-frequency signal, counts are
subtracted from the counter total. For the no-signal
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condition, the counter total as represented by the
solid line "a" returns to the same number at the
end of each reference-signal cycle. The dotted line
"b" represents the counter output for the condition
where the DSB-SC signal is in-phase with respect
to the reference signal, and is super imposed on
the no-signal level. In this case, the up-count dur-
ing the ADD portion of the reference signal ex-
ceeds the down-count during the SUBTRACT por-
tion of the reference-fraquency signal, leaving a net
positive count in the counter at the end of the
reference-signal cycle. Similarly, the dotted line "c¢"
represents the counter output for the condition
where the DSB-SC signal is out of phase with
respect to the reference signal. In this case, the up-
count during the ADD portion of the reference
signal is less than the down-count during the SUB-
TRACT portion of the reference-frequency signal,
leaving a smaller net count in the counter at the
end of the reference-signal cycle. Note that the
counter output represents the integral of the
baseband signal as a function of time.

FIG. 4 shows the system of FIG. 2 which
further includes an up/down counter 62 for digitally
demodulating the quadrature component of a
baseband signal from a frequency-encoded version
of DSB-SC signal to provide a digitally formatted
version of the integral of the quadrature component
of the baseband signal at the output data lines 64.
For thisquadrature-signal demodulation, a quadra-
ture reference-frequency signal, at 90 degrees from
the in-phase reference-frequency signal, is pro-
vided from the source 38 to the up/down conirol
terminal 66 of the up/down counter 64. Counter 62
functions in the same manner as counter 56 to
produce a digitally formatted version of the integral
of the quadrature-phase component of the
baseband signal.

FIG. 5 shows an alternative system 70 for
demodulating a DSB-SC signal when a voltage-to-
frequency converter 71 encodes the voltage levels
of said DSB-SC signal into two component signals.
In the "bi-polar” representation, one component
signal, provided on signal line 72, is a frequency-
component signal, which is proportional to the ab-
solute value of the difference between the DSB-SC
voltage level and a reference voltage level, such
as. for example, the DSB-SC no-signal level. The
other component, which is provided on signal line
74 is an up/down signal component, which digitally .
represents whether the voltage level of the DSB-SC
signal is greater than or less than the reference
voltage level. This system 70 for demodulating a
DSB-SC signal provides the frequency-component
signal as an output signal on line 72. Multiplying
the up/down signal with the in-phase reference
carrier signal to provide an in-phase, sign-bit output
signal on signal line 76 is performed with an
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EXCLUSIVE-OR gate 78, which has the up/down
signal and the in-phase reference-carrier signal as
input signals and which provides the in-phase sign-
bit of the in-phase frequency-component signal.
For obtaining a quadrature sign-bit on signal line
80, an EXCLUSIVE-OR gate 82 is provided which
has the up/down signal and the quadrature
reference-carrier signal as input signals.

FIG. 6 shows a system for obtaining a "bi-
polar" two-component set of signals for represent-
ing demodulation of an entire baseband signal. For
the frequency representation on signal line 90, the
output frequency component on signal line 92 of
the voltage-to-frequency converter 94 is multiplied
in an AND gate 96 by the output of an
EXCLUSIVE-NOR gate, with the inputs to the
EXCLUSIVE-NOR GATE 98 being the in-phase
component and the quadrature component of the
frequency-reference signal. For the sign-bit, or U/D,
representation on signal line 90, the output sign-bit
component on signal line 102 of the voltage-to-
frequency converer 94 is added in an
EXCLUSIVE-OR gate 104 by the output of a NAND
gate 108, with the inputs to the NAND gate 196
being the in-phase component and the quadrature
component of the frequency-reference signai.

FIG. 7 shows a notch filter for rejecting an
undesired input signal, which is, for example, a 60
Hz. baseband signal or some other signal in either
the baseband or the frequency band of the DSB-
SC signal which is at a sufficient level to interfere
with the operation of the system 30 shown in
FIGURE 2. This notch filter utilizes the summer 48,
the voltage-to-frequency converter 54, and a feed-
back path coupled between the output of the
voltage-to-frequency converter 54 and another neg-
ative input terminal of the summer 48. The un-
desired signal is added to the desired signal to
form a composite signal which is passed to the
voltage-to-frequency converter 54 where it is con-
verted to a series of frequency-encoded pulses.
The feedback path generically includes a means
for selectively converting the frequency-encoded
signal which represents the undesired signal to a
cancellation signal which has the same format as
the undesired signal, for example, a baseband ana-
log signal. The cancellation signal is then coupled
to other, or second, negative input terminal of said
summer to cancel the undesired input signal. In
effect, an approximately equal and opposite signal,
called the cancellation signal, is developed in the
feedback path to cancel the original undesired in-
put signal. In the embodiment of the selective
feedback path shown in FIG. 7 the up/down counter
100 has the output of the voltage-tc-frequency con-
verter 54 fed to its signal input terminal, while a
carrier signal synchronous with the undesired sig-
nal is coupled to the up/down control terminal 114
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of the counter 112. This arrangement provides two
functions: one is to demodulate the frequency
pulses to a digitally formatted baseband signal at
the output of the counter and the other is to in-
tegrate that signal. The integration of the undesired
signal's frequency function performed at baseband
is a filtering function with very high Q at the fre-
quency, that is, a very narrow-band filter having its
frequency pass-band centered on the frequency of
the undesired signal. To convert the digital words
at the output of the up/down counter 110 back to
the analog signal format of the undesired signal,
the output signal of the up/down counter 110 is
synchronously multiplied in a digital multiplier 116
by the carrier signal synchronous with the un-
desired signal. This signal is then summed in a
digital adder 118 with a quadrature component of
the undesired signal obtained from a similar ar-
rangement using a second digital multiplier 120
and a second up/down counter 122, both fed with a
quadrature undesired signal carrier signal. Thus,
the integral of either or both the in-phase and
quadrature components of the undesired signal are
generated. Finally, the digital signal representing
the cancellation signal for the undesired signal is
converted to an analog format in the digital-to-
analog converter 124, which may provide a coarse
conversion o not completely cancel the undesired
signal but rather reduce it to an acceptable, rela-
tively low level.

The system of Figure 7 can be used to provide
analog output signals filtered with high frequency
selectivity by using the output of amplifier sub-
system 46 as the signal output, and may be ap-
plied to DSB-SC signals (as shown) or baseband
signals directly.

FIG. 8A shows a form of a digital-to-analog
system for precisely generating a cancellation sig-
nal for an undesired signal as discussed in connec-
tion with FIG. 7. When the desired signal must be
recovered with great'accuracy, it is desirable that
the undesired signal be cancelled with some preci-
sion. This is particularly important regarding phase
accuracy of the cancellation signal so that the
cancellation signal has precise phase accuracy and
does not crosstalk into the desired signal channel.

FIG. 8A shows a precision, pulse-width modu-
lated digital-to-analog converter system 130 which
includes a digital logic module 132. One set of
input signals 134 to the module 132 includes a
series of output digital’ words taken from the output
of the up/down counters 110 and 112 of FIG. 7.
Another set of input signals 136 are clocking sig-
nals derived from the in-phase desired carrier and
the quadrature reference-frequency signals of the
signal. The two sets of signals are processed in.the
logic module 132 to provide two signals: a pulse
width contro! signal on signal line 137 which con-
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trols a switch 138 which in turn controls the width
“of current pulses from a current source 140. In the
preferred embodiment shown, the polarity of the
current source 140 is also conirolled with an
up/down-current signal on signal line 142

FIG. 8B shows an ouiput waveform present on
signal line 144 which serves as a cancellation sig-
nal to be fed into, for example, the summer of
Figure 7. The in-phase and the quadrature compo-
nents of the undesired signal are shown for refer-
ence. Note that the in-phase component signal has
fower amplitude than the quadrature component.
The pulse-widths and polarity signals generated by
the digital logic 132 are precisely controlled to
generate a signal which has a fundamental compo-
nent precisely in phase and with the same mag-
nitude as the desired cancellation signal repre-
seated in digital form in counters 110 and 122.
Note that the D/A converter system 130 takes
baseband in-phase and quadrature signal compo-
nents and with reference signals 136 generates a
DSB-SC signal, performing the two functions of D/A
conversion and modulation.

Types of feedback other than integral, such as
proportional feedback, can be utilized separately or
in combination to develop the desired filtering char-
acteristics by those skilled in the art.

Claims

1. A digital demdoulator system for digitally
demodulating an input signal, comprising voltage-
to-frequency converter means for encoding the
voltage levels of said input signal as the fequency
of the output signal of said voltage-to-frequency
converter means; and means for demodulating the
output signal of said voliage-to-frequency converter
means to obtain a digitally formatted version of the
in-phase component of said input signal.

2. A system as claimed in Claim 1, including
means for demodulating the output signal of said
voltage-to-frequency converter means to obtain a
digitally formatted version of the quadrature-phase
component of said input signal.

3. A system as claimed in Claim 1, wherein the
voltage-to-frequency converter means encodes the
voltage levels of said input signal into a frequency
signal proportional to the voliage levels of said
input signal, said means for demodulating including
means for counting the frequency of the ouiput
signal of said voltage-to-frequency converter
means, and means for reversing the count of said
counting means in synchronism with a reference
carrier signal of said input signal to thereby syn-
chronously demodulate said input signal.

4. A system as claimed in Claim 3, wherein the
means fcr counting includes an up/down control
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terminal having the reference carrier signal of said
input signal connected thereto.

5. A system as claimed in Claim 1 or claim 2
wherein the voltage-to-frequency converter means
encodes the voltage levels of said input signal into
two component signals, one component being a
frequency-component signal which is proportional
to the absolute value of the difference between the
voltage level and a reference voitage level, and the
other component being an up/down component
which digitally represents whether the voltage level
of said input signal is greater than or less than said
reference voltage levels, the means for demodulat-
ing providing the frequency-component signal as
an output and including means for multiplying the
up/down signal with the reference carrier signal o
provide a sign kit output signal.

6. A system as claimed in Claim 5, wherein the
means for multiplying the up/down signal includes
an EXCLUSIVE-OR gate having the up/down signal
and the reference carrier signal as input signals to
obtain the in-phase sign bit of said frequency-
component signal. '

7. A system as claimed in Claim 5 as depen-
dent upon Claim 2, wherein the means for multiply-
ing the up/down signal includes an EXCLUSIVE-OR
gate having the up/down signal and the quadrature
reference carrier signal as input signals to obtian
the quadrature-phase sign bit of said frequency-
component signal.

8. A system as claimed in Claim 1, comprising
a source of a reference-frequency signal; a DSB-
SC modulator in which said input signal modulates
said reference-frequency signal to produce a DSB-
SC signal at an output terminal thereof; a voltage-
to-frequency converter having an input terminal
coupled to the autput terminal of the DSB-SC
modulator, said voltage-to-frequency converter hav-
ing an output terminal at which is provided an
output signal, the frequency of which output signal
is proportional to the voltage level of said DSB-SC
signal; and a frequency-to-digital converter inclul-
ding an up-down frequency counter having a fre-
quency input terminal coupled to the output termi-
nal of said voltage-to-frequency converter and hav-
ing an up-down control terminal to which is coupled
the reference frequency signal for switching the
counting direction of said up-down frequency coun-
ter in synchronism with said reference frequency
signal to thereby demodulate the output signal of
said voltage-to-frequency converter and provide a
digital output signal representative of the integral of
the input signal.

9. A system as claimed in Claim 8, wherein
said baseband signal is an analog signal.

10. A system as claimed in Claim 8 or Claim 9,
including signal amplifier means coupled between
the output of said DSB-SC modulator and the input
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of said voltage-to-frequency converter, for am-
plifying the DSB-SC signal.

11. A system as claimed in Claim 8, Claim 9 or
Claim 10, wherein the reference frequency signal
coupled to the up-down control terminal for switch-
ing the counting direction of said up-down fre-
quency counter is a square-wave have a 50% duty
cycle.

12. A filter for rejecting an undesired input
signal, comprising difference means for taking the
difference between signals present at a first input
terminal and a second input terminal thereof and
providing an output difference signal at an output
terminal thereof, said difference means having the
undesired input signal coupled to the first input
terminal of said difference means; a voltage-to-
frequency converter having an input terminal coup-
led to the output of said difference means and
having an output terminal at which is provided a
frequency output signal corresponding the voltage
level at the input terminal thereof; a feedback path
coupled between said output terminal of said
voltage-to-frequency converter and said second in-
put terminal of said difference means; said feed-
back path including means for selectively convert-
ing the frequency output signal representative of
said undesired signal o a cancellation signal hav-
ing the format of said undesired signal, said can-
cellation signal being coupled to the second input
terminal of said difference means to thereby cancel
the undesired input signal.

13. A filter as claimed in Claim 12, wherein the
selective conversion means in said feedback path
includes means for demodulating the output fre-
quency signal of said voltage-to-frequency con-
verter to a digitally formafted signal; means for
filtering said digitally formatted signal to obtain said
cancellation signal in a digital format; and means
for converting said digitally formatted cancellation
signal to the format of the undesired signal.

14. A filter as claimed in Claim 13, wherein
-said means for filtering includes means for integrat-
ing said digitally formatted signal.

15. A filter as claimed in Claim 14, wherein
said means for integrating includes means for
counting the frequency of said output frequency
signal.

16. A filter as claimed in Claim 13, Claim 14, or
Claim 15, wherein said means for converting in-
cludes a digital-to-analog converter.

17. A digital-to-analog converter system for
modulating a digital representation of an input
baseband signal onto an input frequency-and-
phase reference signal having frequency and
phase information, comprising digital means for
generating a digital signal for pulse-width control;
and means for converting said digital signal to an
analog format such that the fundamental harmonic
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component of the output analog signal has sub-
stantially the same frequency, phase, and mag-
nitude as represented by the digital signal for
pulse-width control and by the frequency-and-
phase reference signal.

18. A system as claimed in Claim 17, wherein
the means for converting the digital signal to an
analog format includes a controlled current source.

19. A system as claimed in Claim 18, including
digital means for generating an up/down control
signal which reverses the polarity of the controlled
current source.
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